The vertical advection of anomalous subsurface temperature by the mean upwelling and the zonal advection of mean sea surface temperature (SST) by anomalous current are known to be essential for the equatorial SST anomaly associated with the El Niño-Southern Oscillation (ENSO). In the coupled model, these two processes are referred to as the thermocline feedback and the zonal advective feedback, respectively. Using a version of a recharge oscillator model for ENSO obtained from the stripped-down approximation of the Cane-Zebiak-type model, it is demonstrated that these two feedbacks, which are linked dynamically through the geostrophic approximation, tend constructively to contribute to the growth and phase transition of ENSO. However, these two feedbacks control the leading coupled mode in different ways. The thermocline feedback leads to a coupled mode through the merging of the damped SST mode and ocean adjustment mode, whereas the zonal advective feedback tends to destabilize the gravest ocean basin mode. With both of these feedbacks, the leading modes of the coupled model still can be traced back to these different origins under moderate changes in the model setup. The main consequence of these sensitivities is that the growth rate and frequency of the ENSO mode may be sensitive to slight changes in basic-state parameters, which control the strength of these feedbacks.
Introduction
The El Niño-Southern Oscillation (ENSO) phenomenon has been viewed as a natural coupled basinwide oscillation in the tropical Pacific ocean-atmosphere system. Its growth is due to the positive feedback processes of tropical ocean-atmosphere interaction and its oscillatory nature may be attributed to the recharge-discharge process of the equatorial heat content through ocean adjustment dynamics (Bjerknes 1969; Wyrtki 1975 Wyrtki , 1986 Cane and Zebiak 1985) . Based on their hypothesis, Jin (1997a) proposed a conceptual recharge oscillator model, which includes basinwide subsurface ocean dynamics, oceanic Ekman layer dynamics, and SST thermodynamics. This simple model provides an analytical approach with physical insight to the coupled interannual mode. In this model, a nonoscillatory ocean dynamics mode describing the adjustment process of the subsurface ocean to wind forcing and an SST mode for the SST thermodynamics merge into the mixed oscillatory mode through the coupled interaction. This mixed mode gives rise to the ENSO-like recharge oscillator whose phase transition is clearly depicted as the result of the recharge-discharge process of the equatorial heat content.
Established succinct conceptual models such as the earlier delayed oscillator model (Battisti and Hirst 1989; Suarez and Schopf 1988; Schopf and Suarez 1988) and lately the recharge oscillator model (Jin 1996 (Jin , 1997a , both emphasize the thermocline feedback. However, the recent observational evidence indicated that the zonal advective process is also important for SST anomalies to develop in the central to eastern Pacific during the El Niño events. This even led to the suggestion that ENSO might be understood conceptually by focusing on the zonal advective feedback alone (Picaut et al. 1997) . The relative importance of each process in the SST thermodynamics on the interannual timescale has been revisited recently through a heat budget analysis using National Centers for Environmental Prediction (NCEP) ocean assimilation data and the Cane-Zebiak (CZ) model Jin and An 1999; Kang et al. 2001) . It was found that the vertical advection of VOLUME 14 J O U R N A L O F C L I M A T E anomalous subsurface temperature by mean upwelling and the zonal advection of mean SST by anomalous current are indeed both important for the growth and phase transition of ENSO. It was shown that the thermocline and zonal advective feedbacks are closely related and both can be naturally combined into the recharge paradigm for ENSO Jin and An 1999) .
Each recorded ENSO evidently showed slightly different behavior, which may arise from the climate condition, the nonlinear process, stochastic effects, and so on. The coupled models to simulate the ENSO-like variability also displayed their own ENSOs. For instance, significant changes in the characteristics of ENSO, including their onset, predictability, oscillation period, and dominant spatial patterns, may be attributed to the interdecadal climate shift in the late 1970s (e.g., An and Jin 2000; An and Wang 2000; Balmaseda et al. 1995; Wang 1995) . Although the change in the climate basic state between two decades (e.g., 1961-75 and 1981-95) was modest (An and Jin 2000; An and Wang 2000) , it was shown that it could lead to quantitative changes of the ENSO mode in its frequency, growth rate, and spatial pattern (An and Jin 2000) .
This paper is an extension of Jin and An (1999) and An and Jin (2000) . Section 2 describes the strippeddown version of the CZ-type model. Section 3 presents a systematic reduction from the two-strip coupled model to a version of the recharge oscillation model with zonal advective feedback. In section 4, the sensitivity of ENSO mode to various parameters is given with an approach that can be used to identify the ENSO's characteristics within a framework of the recharge oscillator model. A summary is given in section 5.
A two-strip CZ-type model
The shallow-water model for ocean dynamics under the long-wave approximation on the equatorial ␤ plane is reduced to a single equation for the thermocline depth anomaly h (Jin 1997b) :
System (2.1) has been nondimensionalized by the oceanic Rossby deformation radius L o ϭ for y, the ͙c /␤ o ocean basin width L (ഠ15 000 km) for x, the Kelvin wave crossing time L/c o (2 months) for t, the reference depth H (ϭ150 m) for h, and H /L for the wind stress 2 c o variables xЈ respectively. Here, c o ϭ is an internal ͙gЈH gravity speed, gЈ is the reduced gravity parameter, and ␤ is the variation of the Coriolis parameter with latitude. The meridional component of the wind stress has been neglected because the wind perturbations are predominantly zonal. The damping rate m is taken as (2.5 yr)
Ϫ1 . No normal motion at the eastern boundary and zero integrated mass flux at the western boundary are assumed as the boundary conditions (e.g., Cane and Sarachik 1981; Jin 1997b) .
For simplification of the dynamics, hemispheric symmetry of the system is assumed, and the two-strip approximation: an equatorial strip and an off-equatorial strip are taken into consideration. As shown in Jin (1997b) , the ocean dynamics equations for h e in the equatorial strip (y ϭ 0) and h n in the off-equator strip centered at y n can be approximately written as
where xe is the wind stress anomaly evaluated in the equatorial strip. Equation (2.2) describes the Kelvin wave signal along the equator with an inclusion of the effect of Rossby waves because h n is the thermocline depth associated with Rossby wave signals in the offequatorial strip. The boundary conditions for the two-strip model are written as
where r W and r E are reflection parameters depending on the boundary conditions. The change of SST may be described by the thermodynamics of a constant depth mixed layer embedded in the upper-layer ocean. Adopting the equatorial-strip approximation to the SST equation and considering only the dominant processes, one gets the following equatorial SST anomaly equation linearized about an upwelling climate state and the zonal gradient of climatological mean SST:
where
The equatorial SST anomaly T e in (2.5) is nondimensionalized by ⌬T of 7.5ЊC, and the time variable and thermocline depth are nondimensionalized in the same way as in the ocean dynamics equation.
The first term on the right-hand side of (2.5) represents a Newtonian-type thermal damping with the damping rate T of (125 days)
Ϫ1 and the vertical advection of the equatorial SST anomaly T e by mean upwelling, the second term is the vertical advection of subsurface temperature anomaly T sub by the mean upwelling 1 of w the equatorial strip, and the third term is the zonal advection of the climatological mean SST by anomalous zonal current u m ϭ h e Ϫ h n . Here H 1.5 is a constant depth of 50 m at which 1 is best characterized. The subsurw face temperature anomaly is parameterized, as in the CZ model, by a nonlinear function of the thermocline depth such that it is linearly proportional to h e with a factor ␥ 0 ϭ ‫ץ‬ h T sub . Other anomalous vertical and horizontal advection terms abbreviated in (2.5), although quantitatively important in determining the equatorial SST anomaly (e.g., Battisti 1988; Kang et al. 2001) , will be ignored throughout this paper for the sake of simplicity.
The zonal wind stress anomaly having Gill-type atmospheric dynamics induced by an equatorial SST anomaly can be approximately written as (Jin 1997b) 
where L a is the atmospheric Rossby radius of deformation, and A(T eЈ x) is a nonlocal operator that relates the SST anomaly in the equatorial strip to the wind stress anomaly. A relative coupling coefficient is introduced as a free parameter for exploring the regime behavior of the system. The stress terms in (2.2) and (2.3) can thus be expressed as
where is about 1.0-1.25, depending on y n and the ratio of the oceanic and atmospheric Rossby radii of deformation.
Operator A(T eЈ x) can be determined based on either the Gill-type model dynamics (e.g., Gill 1980; Jin and Neelin 1993a,b; Neelin and Jin 1993) or through an empirical relation of the equatorial wind stress and SST anomaly (An and Jin 2000) . For simplicity, a simple nonlocal relationship between the SST anomaly and the wind stress anomaly is assumed here as in Jin (1997b) : 
A(T x)
where T eE is the SST anomaly averaged over the eastern half of the equatorial strip and f (x) is a normalized function whose zonal integration is unity. The nondimensional factor b 0 is 2.5, as estimated in Jin (1997a) .
Recharge oscillation in the two-strip model: Two-box approximation
As in Jin (1997b) , the equatorial belt is divided into an eastern and a western half, and the SST anomaly in the western Pacific is negligible. Then, the SST equation [(2.5)] averaged over the eastern half of the basin can be written as
where subscript E denotes variables over the eastern half of the basin. Here u mc is the anomalous zonal current over the equatorial central Pacific. Following Jin (1997b) and using upstream differences for (2.2) and (2.3), one obtains a crude two-box approximation to the ocean dynamics:
Relations of h eW ϭ r W h nW and h nE ϭ r E h eE from the boundary condition [(2.4)] and (2.7) have been used, A M (T eE ) is the wind stress averaged over the middle half of the basin, and ⌬x ϭ 1/2 is the half-basin width. An additional term, (1 Ϫ r E ‫‪t‬ץ/ץ()‬ ϩ m )h eE , on the righthand side of the first equation of (3.2) is neglected because the timescale of the mode retained in the approximation is much longer than the basin crossing time of the Kelvin wave. This is the same as assuming ‫ץ‬ x h e ϭ xe as the approximate form of Eq. (2.2). This balance can be viewed as a degenerated form of the classic Sverdrup balance in the case with nonzero wind stress but zero wind stress curl (see Philander 1990, p. 108) . By assuming that the wind stress anomalies largely occur over the middle part of the basin and the zonal average of the wind stress is dominated by the domain average in the middle half of the basin, one gets
As given in Jin (1997b) , the anomalous zonal current over the central Pacific is represented as u mc ϭ (h e Ϫ h n ) | C . Using the balance equation in (3.2), h eC and h nC are written as h eC ϭ h eW ϩ ⌬xb 0 T eE /2 and h nC ϭ h nE Ϫ ⌬xb 0 T eE /2. With the boundary condition (2.4) and the balance equation in (3.2), one gets the anomalous zonal current in the equatorial central Pacific as
Here A 1 and A 2 are positive constants that depend on the reflection coefficient of Kelvin wave at the eastern boundary. Equation (3.4) demonstrates that the zonal advective feedback depends on the eastern boundary reflectivity as mentioned in Picaut et al. (1997) . By slightly reorganizing (3.1)-(3.4), one reduces the two-strip model to exactly the same form of the conceptual recharge oscillator model as proposed in Jin and An (1999) ,
h ϭ Ϫrh Ϫ ␣bT and
by denoting r W h nW as h W , T eE as T E , and replacing the parameters b, r, c, ␣, ␥ as Thus, through systematic and reasonable simplifications, the conceptual model in Jin and An (1999) was obtained from the dynamic framework of a CZ-type coupled model. Equation (3.5) clearly demonstrates that the zonal advective feedback indicated by the a E plays a similar role as the thermocline feedback indicated by the ␥. However, note that the essential phase-transition mechanism for the recharge oscillator is the slow adjustment of equatorial thermocline. The zonal advective feedback tends to works constructively with the thermocline feedback through the geostrophic balance.
Recharge oscillation in the two-strip model: Numerical solutions
In this section, the sensitivity test of the recharge oscillator model to various parameter regimes for thermocline and zonal advective feedback processes is investigated by using numerical solutions. Moreover, by using an empirical atmospheric model derived from NCEP data, regime sensitivity of ENSO is discussed within a more realistic framework.
a. An idealized model
The relevance of the box model approximations can be demonstrated by comparing the characteristics of the solutions between the two-strip model and the conceptual model in Jin and An (1999) . The following simple form of the coefficient in the SST equation and a simple function f (x) describing the patch of wind stress
are used to mimic the basic-state conditions applied to the box model; x 1 ϭ 1/4 and x 2 ϭ 3/4 are chosen. The linear eigensolutions of the two-strip model with the specifications in (4.1) are calculated numerically with a high resolution in x (50 grid points). It should be pointed out that the coupled solution is insensitive to the shape of f (x) (e.g., Cane et al. 1990; Schopf and Suarez 1990) but may be sensitive to the zonal location of f (x) (An and Wang 2000) . To examine changes in the leading modes according to various feedback processes, we plot the leading eigenvalues over a range of coupling coefficient, 0.025 Յ Յ 1.225 (Fig. 1) . In this figure, three cases are compared: the thermocline feedback alone [a(x) ϭ 0 in the whole basin], the advective feedback alone [␥(x) ϭ 0 in the whole basin], and the two feedbacks combined. The leading eigenmode in the thermocline feedbackalone case is confined in the low-frequency regime, whereas the leading mode in the zonal advective feedback-alone case stays in the high-frequency regime. In the weakly coupled regime (the small value of ), the eigenvalues of the leading mode in the two-feedback combined case are close to those in the zonal advective feedback-alone case. As the increases, the eigenmode for the two-feedback combined case resembles that for the thermocline feedback-alone case. Note that the eigenmode for the two-feedback combined case is unstable in the relatively wider range of the frequency regime, indicating the constructive reinforcement of these two feedbacks for the instability of the leading mode.
To depict the dependence of eigenmodes on the coupling coefficient, we plot the frequency and growth rate VOLUME 14
with the x axis of in Fig. 2 , in which the eigenvalues are the same as those in Fig. 1 . In the case of the thermocline feedback alone (Fig. 2a) , the nonoscillatory damped SST and oceanic adjustment modes coexist in the low coupling regime, and the decay rate of the SST mode is effectively reduced by increasing ; this damped SST mode eventually merges with the damped nonoscillatory ocean adjustment mode to produce a mixed oscillatory mode. On the other hand, the eigenmode for the zonal advective feedback case is related to the gravest ocean basin mode (Fig. 2b) . The growth rate of this damped oscillatory ocean adjustment mode slowly and linearly increases with . This high-frequency mode may become unstable at either very strong coupling coefficient or with the large value of a(x). This is consistent with the analytical results of Neelin and Jin (1993) and the argument of Picaut et al. (1997) . In the case of the two feedbacks combined (Fig. 2c) , the eigenvalue in near the uncoupled regime also corresponds to the gravest ocean basin modes. When the coupling coefficient increases, however, the damped oceanic adjustment mode transforms into a ''mixed mode'' (Jin and Neelin 1993a,b; Neelin and Jin 1993) , which becomes the only unstable mode at sufficiently strong coupling. This mode breaks down into two real modes when the coupling coefficient is further increased as it was found in Jin and Neelin (1993a,b) .
As shown in Fig. 2 , the main difference between the cases with and without the zonal advective feedback occurs in the low coupling regime. The leading unstable mode with both thermocline and zonal advective feedbacks can be traced back to the damped oscillatory ocean adjustment mode by continuously reducing the relative coupling coefficient to zero. However, in the thermocline feedback-alone case, the leading mode comes from a merge of the decaying SST mode and the decaying nonoscillatory ocean adjustment mode. The zonal advective feedback tends to destabilize the ocean basin mode (Neelin and Jin 1993) . This is because the gravest ocean basin mode has a zonal velocity maximum at the center of equatorial basin as a result of a focus of wave reflection (Cane and Moore 1981) . This relatively strong zonal flow anomaly in the central Pacific collocated with the strong SST gradient makes this ocean basin mode effective in producing SST anomalies in the central Pacific. In the strong coupling regime, the characters of the coupled mode are effectively changed (Jin and Neelin 1993a,b) . Nevertheless, the coupled mode with zonal advective feedback tends to have a wider range for relatively high frequency. Also one may notice that the neutral point (growth rate ϭ 0) associated with the two feedbacks combined occurs at much lower coupling ( ഠ 0.67) than that associated with the case of only thermocline feedback ( ഠ 0.84).
The eigenfunctions of the leading mode with both thermocline and zonal advective feedbacks are shown in Fig. 3 . All fields are dominated by a standing oscillation with a weak westward propagation signal in both the SST and the zonal current resembling the general feature of the observed ENSO evolution. The positive (negative) maximum SST anomaly located near 130ЊW is matched to the positive (negative) maximum of thermocline depth anomaly in the eastern Pacific and the positive (negative) maximum of the zonal current anomaly in the central Pacific. This is because the maximum equatorial wind stress anomaly associated with the maximum SST anomaly is approximately balanced with the maximum zonal slope of the thermocline depth anomaly. At the same time, there is a positive (negative) zonal current anomaly in the central Pacific, which is in geostrophic balance with this thermocline anomaly. During the transition phase (SST anomaly is almost zero), the zonal slope of the thermocline depth anomaly becomes almost flat and the amplitude of the zonal-mean thermocline depth becomes maximum, together with its the meridional gradient, therefore the geostrophic zonal current. The zonal-mean thermocline depth and the geostrophic zonal current have the same sign. Thus, the thermocline and zonal advective feedbacks work constructively for both the growth and phase transition of ENSO.
b. A specified model using NCEP data
During the past decades, various kinds of coupled models to simulate the ENSO-like variability have been developed, including the intermediate coupled models (e.g., Anderson and McCreary 1985; Zebiak and Cane 1987) , the hybrid coupled models (e.g., Neelin 1991; Kirtman and Zebiak 1997) , and the coupled GCMs (e.g., Lau et al. 1992; Philander et al. 1992; Latif et al. 1993 ). Each coupled model displayed its own ENSOs, which may result from the difference in the basic states and the model characteristics. The possible ENSO modes due to a variety of model parameters were discussed by Jin and Neelin (1993a,b) and Neelin and Jin (1993) . In this section, a simple way to study the nature of the ENSO mode, which may be applied to analyze the coupled GCM or the observation data, is suggested within a recharge oscillator framework.
To determine the regime behavior of ENSO mode represented in a coupled model or observation, the basic parameters, such as a(x) and ␥(x), and the linear relationship between SST and wind stress anomalies should be estimated. The empirical atmosphere model representing the linear relation between SST and wind stress anomaly is derived by applying the empirical orthogonal function (EOF) method to the wind stress and SST anomalies obtained from NCEP (Ji et al. 1995) . The derived empirical atmosphere model presumably represents the dominant air-sea coupled relationship appearing in the data. The NCEP data used here cover the period from January 1980 to December 1995. Figure 4 shows the spatial distribution of the first and second EOFs of zonal wind stress anomalies (Fig. 4a) calculated from NCEP monthly mean data and the cor- responding time coefficients (Fig. 4c) . The time coefficients associated with each mode at a given time are calculated by projecting zonal wind stress anomalies to the corresponding zonal wind stress EOF. The first and second EOFs explain 54% and 21% of the total variance, respectively. Figures 4b and 4d are the counterparts of Figs. 4a and 4c, respectively, showing the EOF of SST anomalies. The first and second EOFs of SST explain 80% and 11% of total variance, respectively.
The first EOFs (Figs. 4a and 4c) represent ENSO mode since the positive and negative peaks shown in time series of the first EOF are well matched to the warm and cold events, respectively. Both first EOFs of the zonal wind stress anomaly and SST anomaly are correlated to each other (correlation coefficient between two time series ϭ 0.78). The second EOF of the zonal wind stress anomaly is correlated to that of SST anomaly (correlation coefficient ϭ 0.66).
In Fig. 5 , we show ␥(x) and a(x) estimated from NCEP data following the definition in (2.5). As shown in Fig. 5, ␥(x) is dominant in the eastern Pacific and weak in the western Pacific. This is because the sensitivity of the subsurface temperature anomaly to the change of thermocline depth is inversely proportional to the mean thermocline depth and furthermore the mean upwelling is strong in the central and eastern Pacific. The a(x) in the central to eastern Pacific is larger than that in the warm-pool region in which the mean SST tends to be uniform. In a comparison of the distributions of ␥(x) and a(x) with those used in the idealized model, ␥(x) from NCEP data is slightly smaller than that used in the idealized model near the central Pacific, whereas the a(x) from NCEP data is similar to that in the idealized model, except near the eastern and western boundaries. Figure 6 shows the scatter diagram of eigenvalues of the leading mode of the specified model derived from NCEP data. Again, three cases are considered: thermocline feedback alone, zonal advective feedback alone, and two feedbacks combined. The eigenmodes with either thermocline feedback alone or zonal advective feedback alone are similar to those of the idealized model. On the other hand, in the two-feedback combined case, the idealized model and the specified model show a clear distinction. the leading mode is very similar to the case with only the thermocline feedback. The oceanic adjustment mode in this case becomes unstable as well at a larger . The two-feedback model based on NCEP data has two unstable modes. Only when the thermocline feedback is artificially diminished do these two modes merge, as is shown in the idealized model (Fig. 1) .
To identify the origin of the major difference between the idealized model and the model based on NCEP data, we further perform two more experiments. In the first experiment, we use the same basic states (␥ and a) as the ones used in the idealized model, and the atmosphere model is the one specified using the NCEP data. In the second experiment, the basic states are from NCEP data, and the atmosphere model from the idealized model is chosen. As shown in Fig. 7 , the leading modes obtained from the first experiment (closed dot) are similar to those from the model based on NCEP data (Fig. 6) , and those from the second experiment (open dot) are similar to those from the idealized model (Fig. 1) . This indicates that the differences in Figs. 1 and 6 for the two-feedbacks combined case are mostly due to different specification in the atmosphere models. In other words, a more realistic relationship between SST and wind stress seems to make the slow mode more robust. However, it also depends on the selected data period since the relationship between SST and surface wind has been experienced in a decadal change and it results in decadal changes in the structure and period of ENSO mode (An and Jin 2000) . Figure 8 is the time-longitude plots of the SST, thermocline depth, and zonal current anomalies along the equator calculated from the two-feedback model derived from NCEP data. As shown in Fig. 8 , SST and thermocline anomalies mainly exhibit standing oscillation, whereas there is a westward-propagation tendency in the zonal current anomaly. In general, the patterns shown in Fig. 8 better resemble the observations than do those in Fig. 3 . When the maximum positive SST anomaly appears in the eastern Pacific, the zonal contrast of the thermocline depth anomaly is the maximum and the zonal current is also a positive maximum. During the transition phase when SST anomaly is almost zero, the zonal mean in both the thermocline depth and zonal current anomalies leads the phase in the SST anomaly to change. This is consistent with the finding of Jin and An (1999) . It is also consistent with observations and numerical modeling An and Kang 2000; An and Jin 2000; Meinen and McPhaden 2000) .
Summary and concluding remarks
A two-strip version of a CZ-type coupled model is constructed following the previous work done by Jin (1997b) and Jin and An (1999) . The major difference between this study and Jin (1997b) is the inclusion of the zonal advective feedback into the thermodynamic equation. As shown in Jin and An (1999) and this study, the vertical advection of the subsurface temperature anomaly by the mean upwelling and the zonal advection of the mean SST by anomalous geostrophic current both play important constructive roles in the growth and phase transition of ENSO. This is because of the geostrophic balance between zonal geostrophic current and meridional gradient of the thermocline depth, which makes thermocline feedback and zonal advective feedback to be dynamically linked.
In the idealized model, the leading unstable mode derived from the model with the combined thermocline and zonal advective feedbacks comes from the gravest oscillatory ocean basin mode rather than from the merge of the damped SST mode and a nonoscillatory ocean adjustment mode that happens in the case with only thermocline feedback. It may be attributed to the overestimation of the zonal advective feedback, which tends effectively to destabilize the ocean basin mode.
The NCEP data are further used to improve the model by more realistically specifying the basic state together with more realistic description of atmospheric response to SST anomalies with an empirical atmospheric model constructed by the linear relationship between the wind stress and SST anomalies. The eigensolutions of this model have the leading ENSO modes again coming from a merging of a nonoscillatory ocean adjustment mode and a decaying SST mode. Moreover, there is another fast coupled mode, which comes from the gravest ocean basin mode. The latter becomes unstable at an unrealistically strong coupling regime. The ENSO mode obtained from the coupled model based on the NCEP data represents ENSO over the period of 1980-VOLUME 14 J O U R N A L O F C L I M A T E 95. As was shown in An and Jin (2000) , the leading mode can sufficiently be modified by moderate changes in the thermocline and zonal advective feedbacks. When the basic-state parameters ␥(x) and a(x) are estimated using data of 1960s-70s, ENSO mode has shorter period, which is in agreement with observation. This sensitivity of growth rate and frequency of ENSO mode to the changes in basic state was attributed to the sensitivity of its different pathway toward an uncoupled mode spectrum as the relative coupling coefficient diminishes.
Different coupled GCMS (CGCMs) simulate ENSO with different frequencies and intensities. We speculate that this may be attributable to the same sensitivity. The approach taken in this paper can be readily applied to CGCM simulation to test this speculation further.
